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METHODS  OF  USING  STANDARD  FREQUENCIES  BROADCAST 

BY  PADIO 


The  National  Bureau  of  Standards  broadcasts  standard  fre- 
quencies and  other  services  by  radio.  The  time  schedules  and 
other  details  of  these  services  are  given  in  another  Letter 
Circular,  "Standard  frequencies  and  other  services  broadcast 
by  National  Bureau  of  Standards".  The  present  Letter  Circular 
describes  methods  of  utilizing  all  of  the  services  except  the 
ionosphere  bulletins,  which  are  treated  in  another  Letter  Cir- 
cular, "Data  on  radio  transmission  conditions  and  the  iono- 
sphere from  the  National  Bureau  of  Standards." 

Part  1A  (page  2)  gives  methods  of  using  the  standard  radio 
freauencies  for  the  calibration  of  standard  oscillators  in 
simple  cases  where  the  frequencies  have  such  numerical  values 
as  to  be  readily  checked  directly  in  terms  of  the  emissions. 

The  information  is  given  specifically  in  terms  of  measurements 
upon  the  5000~kc  emissions,  but  there  should  be  little  diffi- 
culty in  applying  the  methods  to  the  10,000-kc  and  20,000-kc 
(or  15,000-kc)  emissions,  using  higher  harmonics  of  the  auxi- 
liary generator.  Further  amplification,  and  suitable  increase 
in  the  frequency  of  the  auxiliary  generator,  should  enable  one 
to  use  any  of  the  emissions  after  some  trial  and  adjustment 
of  equipment. 

Part  IB  (page  7)  gives  details  for  the  checking  of  broad- 
cast frequencies.  The  discussion  is  divided  into  three  sections, 
progressing  in  difficulty  of  measurement.  Section  I deals  with 
only  two  frequencies,  1C00  and  1250  kc/s;  very  little  apparatus 
is  required  for  measurements  at  these  frequencies.  Section  II 
gives  the  method  of  measurement,  using  an  auxiliary  generator, 
for  frequencies  which  are  multiples  of  HO  kc/s.  Section  III 
gives  the  method  of  measurement  for  any  broadcast  frequency 
(multiples  of  10  kc/s). 

Part  2 (page  13)  describes  the  use  of  the  standard  time 
intervals  or  seconds  pulses.  The  seconds  pulses  are  of  value 
in  physical  measurements,  in  geodetic,  seismological  and  similar 
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work,  and  in  rapid  checking  of  pendulums  and  chronometer  rates, 
and  wherever  short  time  intervals  of  great  accuracy  are  needed. 

They  are  not  capable  of  giving  absolute  time,  as  needed  in  navi- 
gation, for  example,  for  which  astronomical  observations  or  the 
Navy's  time  signals  are  required. 

Part  3 (page  14-)  describes  methods  of  using  the  standard 
1000-cycle  frequency  furnished  as  a modulation  frequency  with 
certain  of  the  emissions.  It  gives  methods  of  checking  a local 
frequency,  controlling  a source  of  audio  or  other  frequency, 
and  producing  a standard  of  time  rate. 

Part  4 (page  20)  gives  information  on  the  continuous 
emissions  of  the  standard  musical  pitch,  440  cycles  per  second, 
provided  for  musicians,  musical  instrument  manufacturers,  and 
others  interested  in  standard  pitch. 

Part  5 (page  21)  is  a bibliography,  in  which  references  are 
given  to  articles  describing  other  methods  of  frequency  measure- 
ment, and  devices  for  use  in  frequency  measurements.  The  ref- 
erences describe  methods  which  range  from  those  using  very 
simple  apparatus  and  giving  results  only  moderately  accurate, 
to  those  using  complicated  apparatus  and  giving  results  accurate 
to  better  than  a part  in  a million. 

. 

Part  1A.  Checking  Standard  Oscillators. 

Method  of  Measurement.-  While  the  standard  frequency  emissions 
may  be  used  for  many  standardization  purposes,  the  most  common  use 
is  to  determine  accurately  the  frequency  of  a standard  oscillator. 
The  apparatus  necessary  is  (l)  the  oscillator,  (?)  a continuously 
variable  radio-f reouency  generator  which  is  approximately  cali- 
brated, (3)  a variable  audio-frequency  generator,  and  (4-)  a radio 
receiving  set.  It  is  desirable  that  the  receiving  set  have  auto- 
matic volume  control.  A frequency  meter  of  the  resonance  type 
Is  also  useful  but  it  is  not  essential. 

A good  type  of  standard  oscillator  is  the  piezo  oscillator. 

The  fundamental  frequency  is  fixed  by  the  dimensions  of  the 
quartz  plate  used.  The  usual  vacuum-tube  circuit  arrangement 
in  which  the  quartz  plate  is  connected  gives  numerous  harmonics 
for  each  fundamental  frequency.  The  radio  generator,  which  is 
continuously  variable,  can  be  adjusted  to  any  frequency'^  and 
likewise  gives  a series  of  harmonics  for  each  fundamental  fre- 
quency to  which  it  is  adjusted.  If  the  frequency  of  the  radio 
generator  is  varied  over  a wide  range,  beat  notes  are  produced 
at  a number  of  settings  of  the  generator  by  the  interaction  of 
various  harmonics  of  the  fundamental  frequency  of  the  piezo 
oscillator  with  a harmonic  of  the  fundamental  frequency  of  the 
generator.  The  beat  notes  may  be  heard  in  & telephone  receiver 
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suitably  connected  to  the  generator  or  to  the  piezo  oscillator. 

Any  frequency  present  in  the  piezo  oscillator  can  beat  with  a 
corresponding  frequency  present  in  the  radio  generator,  which 
makes  it  possible  to  set  the  generator  at  a number  of  frequen- 
cies which  have  a simple  relation  to  -the  fundamental  frequency 
of  the  piezo  oscillator.  Provided 'the  harmonic  relationship 
is  known,  measurements  can  be  made  at  a great  number  of  fre- 
quencies in  terms  of  a single  standard  frequency. 

If  f is  the  fundamental  frequency  of  the  piezo  oscillator 
which  is  being  used  and  F the  fundamental  frequency  of  the 
auxiliary  generator  which  gives  zero  beat,  then 

af  = bF 

where  a and  b are  integers  (1,  2,  etc.). 

The  procedure  is  simplest  when  the  ratio  of  the  received 
radio  frequency  to  the  nominal  frequency  of  the  piezo  oscillator 
. _ to  be  standardized  is  a fairly  small  integer,  less  than  100. 

For  instance,  secondary  standards  whose  fundamental  frequencies 
are  50,  100,  200,  500,  or  1000  kc/s  can  be  measured  very  simply 
in  terms  of  the  emissions  and  these  secondary  standards  may  be 
advantageously  used  in  turn  to  calibrate  other  apparatus.  It 
is,  however,  possible  to  use  the  emissions,  with  auxiliary 
apparatus,  to  establish  accurately  any  desired  frequency. 

Examples  of  Measurement  Methods.-  Suppose  it  is  required  to 
measure  the  freauency  of  a piezo  oscillator,  the  approximate  fre- 
quency of  which  is  ~JQ0  kc/s,  in  terms  of  the  5>000-kc  standard 
frequency  emissions. 

If  the  radio  generator  is  set  at  100  kc/s,  the  50t;hi.  har- 
monic (5000  kc/s)  will  beat  with  the  5000-kc  emission,  and  the 
7th  harmonic  (706  kc/s)  will  beat  with  the  fundamental  of  the 
piezo  oscillator. 

The  5000-kc  standard  frequency  emission  is  received  first 
and  identified  with  the  receiving  set  in  the  generating  condi- 
tion. The  radio  generator  is  then  turned  on  and  adjusted  to  near 
100  kc/s.  This  should  give  a beat  note  with  the  frequency  gen- 
erated by  the  receiving  set.  The  regeneration  of  the  receiving 
set  is  then  reduced  until  the  set  just  stops  generating.  A beat 
note  should  then  be  heard  which  will  in  general  be  of  less  inten- 
sity than  that  previously  heard.  This  is  the  beat  between  the 
50th  harmonic  of  the  radio  generator  and  the  frequency  of  the 
incoming  wave.  This  beat  note  should  be  reduced  to  zero  fre- 
quency by  adjusting  the  radio  generator.  For  most  precise 
work,  this  adjustment  should  be  made  by  using  a beat-frequency 
indicator  or  other  means  of  indicating  exact  zero  beat.  A simpler 
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and  equally  accurate  substitute  is  to  bring  in  a tuning  fork  as 
described  below.  However,  for  a simple  discussion  of  the  steps 
involved  in  the  measurement,  it  will  be  assumed  that  an  accurate 
zero-beat  setting  is  obtained. 

The  radio  generator  is  therefore  precisely  adjusted  so  that 
it  has  a frequency  of  100  kc/s.  Without  changing  its  adjustment, 
couple  the  piezo  oscillator  to  it  loosely.  A beat  note  should  be 
heard  in  the  telephones  in  the  output  of  the  piezo  oscillator  un- 
less the  frequency  given  by  the  piezo  oscillator  is  an  exact  mul- 
tiple of  100  kc/s.  Suppose,  for  example,  it  is  ~[00,^20  kc/s. 

In  this  case  a beat  of  S20  cycles  per  second  will  be  heard. 

To  determine  the  value  of  this  note,  the  audio  generator  must 
be  used. 

The  frequency  of  the  beat  note  and  the  frequency  of  the 
audio  generator  may  be  compared  by  using  single  phone  units  from 
each  source  and  rapidly  interchanging  them  at  the  ear.  If  suf- 
ficient intensity  is  available  from  the  two  sources  then  the 
two  audio  frequencies  will  combine  and  beats  may  be  heard  by 
the  ear  when  the  audio  generator  is  closely  adjusted.  For 
exact  zero  beat  the  frequency  of  the  adjustable  audio  genera- 
tor gives  the  difference  in  frequency  between  the  7th  harmonic 
(700  kc/s)  of  the  generator  adjusted  to  100  kc/s  and  the  funda- 
mental of  the  piezo  oscillator. 

Fig.  1 gives  a diagrammatic  representation  of  the  frequen- 
cies used.  It  is  necessary  to  determine  whether  the  piezo 
oscillator  frequency  is  higher  or  lower  than  ~J00  kc/s.  This 
can  be  done  by  varying  the  frequency  of  the  radio  generator. 

If  increasing  the  frequency  of  this  generator  results  in  de- 
creasing the  beat  note,  then  the  piezo  oscillator  frequency  is 
higher  than  the  reference  frequency,  that  is,  the  audio  fre- 
quency is  to  be  added  to  700  kc/s.  If  the  reverse  is  true, 
then  the  audio  frequency  is  to  be  subtracted. 
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Use  of  Audio-Frequency  Note  in  Measurement.-  A change  in  the 
method  described  above  which  does  not  require  a beat  indicator, 
is  to  adjust  the  radio  generator  to  have  a known  frequency  dif- 
ference with  the  incoming  wave  by  means  of  matching  with  that  of 
a tuning  fork  of  known  frequency  such  as  1000  c/s.  This  method 
is  more  complicated  in  calculation  because  a record  must  be  made 
of  four  factors,  (1)  as  to  whether  the  radio  generator  was  ad- 
justed higher  or  lower  than  zero  beat,  (2)  the  frequency  dif- 
ference, (3)  the  harmonic  relation  between  the  standard  signal 
and  the  radio  generator,  and  (4)  the  harmonic  relation  between 
the  radio  generator  and  the  piezo  oscillator.  The  harmonic 
relations,  however,  come  in  to  any  method  of  measurement  of 
this  kind.  The  measurements  involving  the  use  of  the  tuning 
fork  for  adjusting  the  generator  to  give  a beat  note  1,000 
cycles  below  the  5>000~kc  signal  would  be  made  as  follows, 
and  are  shown  diagrammatically  in  Fig.  2.  Set  generator  from 
approximate  zero  beat  at  100  kc/s  to  99*93  kc/s.  The  5°'th 
harmonic  is  99*93  x 50  = 4,999*0  kc/s  (beats  with  5>000  kc/s 
in  receiver  which  is  not  oscillating  and  gives  a 1000-cycle 
note).  The  7th  harmonic  of  the  generator  (99*93  x 7 = 

699.36  kc/s)  may  now  be  heard  beating  in  the  telephones  of  the 
piezo  oscillator  which  is  known  to  be  approximately  700  kc/s. 

If  this  value  were  exactly  7°0,  a note  of  700.000  - b99*360 
kc/s  or  140  c/s  would  be  heard.  However,  the  beat  note  pro- 
duced is  matched  with  a corresponding  note  from  the  audio  gen- 
erator. If  the  piezo  oscillator  had  the  frequency  of  7OO.520 
kc/s  as  assumed  previously,  the  audio-frequency  note  measured 
would  have  been  700.520  - 699. 660  = 0.660  kc/s  or  660  c/s. 
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Whether  to  add  or  subtract  the  audio-frequency  note  of 
660  c./s  to  the  known  frequency  of  699»$60  kc/s  would  be  decided 
as  f ollow s when  the  radio-frequency  generator  was  set  lower  than 
the  standard  frequency  signal.  If  lowering  the  frequency  of  the 
radio  generator  increases  the  beat  note  ( 660  c/s  in  this  case), 
add  the  beat  note  frequency,  or  if  increasing  the  frequency  of 
the  radio  generator  decreases  the  beat  note,  add  the  beat  note 
frequency. 

The  measurement  could  also  be  made  by  adjusting  the  genera- 
tor to  100.020  kc/s  using  the  1000-cycle  tuning  fork,  as  in  Fig. 
3.  The  50th  harmonic  is  100,020  x 50  = 5^01  kc/s  which  beats 
with  the  standard  frequency  signal  of  5000  kc/s  and  produces 
a 1000-cycle  note.  A certain  audio-frequency  note  is  produced 
in  the  telephones  of  the  piezo  oscillator,  which  is  matched 
with  a similar  note  from  the  audio  oscillator  as  before.  If 
lowering  the  frequency  of  the  radio  generator  reduces  the 
audio  frequency  note  heard,  subtract  it  from  the  known  fre- 
quency of  700.1^0  kc/s,  or  if  increasing  the  frequency  of  the 
radio  generator  increases  the  audio  note,  subtract  it.  The 
audio-frequency  note  heard  with  a piezo  oscillator  having  the 
assumed  frequency  would  be  3&0  c/s,  hence  700.140  ■+•  0.3^0  = 
700.520  kc/s. 
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Fig.  3. 


Part  IB.  Checking  Broadcast  Frequencies. 

I . Integral  Submultiples  of  Emission  Frequency. 

The  frequencies  which  are  integral  submultiples  of  the 
emission  frequency  are  most  easily  measured.  For  the  emission 
frequency  of  5000  kc/s  there  are  only  two  broadcast  frequencies, 
1000  and  1250  kc/s,  which  bear  this  relation.  If  a 1000~kc 
oscillator,  whether  a transmitting  set  or  frequency  standard, 
is  coupled  to  a radio  receiver  tuned  to  50°0  kc/s  at  a time 
when  the  standard  signal  is  being  received,  a heterodyne  note 
will  be  produced  which  is  equal  to  the  frequency  difference 
between  the  harmonic  of  the  1000-kc  oscillator  and  the 
standard  signal.  Assuming  that  the  nominal  value  of  the  1000- 
kc  oscillator  is  known,  all  that  remains  in  order  to  measure 
the  frequency  accurately,  is  to  determine  the  frequency  of  the 
beat  note  and  whether'  the  frequency  is  higher  or  lower  than  the 
standard  signal.  This  is  done  when  the  radio  receiver  is  not  in 
the  generating  condition.  The  most  convenient  method,  if.  the 
beat  note  is  in  the  audible  range,  is  to  match  it  with  a known 
audio  frequency  produced  by  a calibrated  audio  oscillator.  The 
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direction  of  the  deviation  is  most  easily  determined  by 
making  a slight  change  of  known  direction  in  the  unknown 
frequency.  If  an  increase  in  the  unknown  frequency  increases 
the  frequency  of  the  beat  note  the  unknown  frequency  is 
high.  If  an  increase  in  the  unknown  frequency  decreases  the 
frequency  of  the  beat  note,  the  unknown  frequency  is  low. 
Conversely,  if  a decrease  in  the  unknown  frequency  increases 
the  frequency  of  the  beat  note  the  unknown  frequency  is  low, 
and  if  a decrease  in  the  unknown  frequency  decreases  the 
frequency  of  the  beat  note,  the  unknown  frequency  is  high. 

If  it  is  impossible  to  vary  the  unknown  frequency  in  a known 
direction,  then  resort  to  an  auxiliary  generator  must  be 
made.  If  the  beat  frequency  to  be  measured  is  below  the 
range  of  available  measuring  equipment  it  is  necessary  to 
provide  a carrier  for  this  frequency.  This  is  done  by  making 
the  radio  receiver  generate  and  adjusting  the  resulting  beat 
note  so  that  it  is  approximately  1000  c/s.  A fluctuation  in 
the  amplitude  of  this  1000-cycle  note,  which  has  a frequency 
equal  to  the  frequency  difference  between  the  two  radio 
frequencies,  will  then  be  heard.  If  it  is  only  desired  to 
readjust  the  unknown  frequ ency  to  agreement  with  the  standard 
signal,  it  is  a simple  matter  to  adjust  to  zero  beat.  The 
same  method  can  be  used  for  a frequency  of  12 50  kc/s.  Pre- 
caution must  be  taken  to  make  it  possible  to  combine  the 
signals  with  approximately  equal  intensity.  Some  difficulty 
in  this  respect  may  be  expected  if  measurements  are  made 
when  the  transmitter  is  operating  unless  the  harmonics  are 
very  completely  suppressed. 

A station  frequency  monitor  which  utilizes  a piezo 
oscillator  having  a frequency  of  1000  or  1250  kc/s  can  be 
measured  or  adjusted  to  frequency  in  a similar  manner.  If 
the  radio  transmitter  is  operating,  the  measurement  can  be 
made  indirectly  in  terms  of  the  transmitter  in  the  following 
manner.  Measure  the  frequency  of  the  radio  transmitter  in 
terms  of  the  5000-kc  signal  and  simultaneously  read  the 
frequency  as  indicated  by  the  frequency  deviation  meter  on 
the  monitor.  The  two  frequencies  should  agree.  If  they 
do  not,  adjust  the  frequency  monitor  until  the  deviation 
meter  indicates  the  correct  frequency  deviation.  It  may  be 
desirable  to  measure  the  frequency  monitor  directly  against 
the  standard  signal  at  a time  when  the  radio  transmitter 
is  not  operating. 

If  the  frequency  monitor' is  of  the  type  which  is  adjusted 
to  exactly  1000  or  i250  kc/s,  the  measurement  can  be  made 
the  same  as  in  the  case  of  the  radio  transmitter.  However, 
if  the  monitor  is  set  high  or  low  by  5°0  or  1000  c/s,  it  will 
be  necessary  to  make  use  of  an  audio  oscillator  to  determine 
the  value  of  the  audio  beat  frequency.  In  the  case  of  a 
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monitor  which  has  a frequency  of  999.500  or  1000. 500  kc/s, 
the  beat  note  to  be  measured  would  be  25OO  c/s.  As  five 
cycles  variation  in  the  beat  note  is  only  1 part  in  10  , 
any  audio  oscillator  which  would  be  constant  to  5 or  10  c/s 
would  be  adequate.  In  the  case  of  a monitor  which  has  a 
frequency  of  999.000  or  1001.000  kc/s  a 5000-cycle  note 
would  be  produced.  Similarly  for  1250  kc/s,  audio-frequency 
beat  notes  of  2000  and  4000  c/s  would  have  to  be  measured. 

The  general  relation  is  that  the  audio-frequency  note  produced 
by  heterodyning  the  monitor  frequency  and  the  5000-kc  standard 
signal  is  equal  to  the  product  of  the  number  of  cycles  the 
monitor  is  set  high  or  low  and  the  ratio  of  5 000  to  the  nominal 
value  of  the  monitor. 

The  same  principles  may  be  followed  for  the  10,000  and 
20,000-kc  (or  15>000-kc)  emissions. 

I I . Measurements  with  Auxiliary  Generator  for  Frequency 

Multiples  of  50 « 

Measurements  of  any  of  these  frequencies  require  the  use 
of  an  auxiliary  generator  in  addition  to  the  high-frequency 
receiver.  The  auxiliary  generator  may  be  a piezo  oscillator 
or  it  may  be  a manually  controlled  oscillator.  If  a piezo 
oscillator  of  the  desired  frequency  is  available,  it  is  desir- 
able to  use  one.  In  this  case  a distorting  amplifier  is 
necessary  in  order  to  bring  out  the  harmonics  so  that  the 
beat  against  the  standard  frequency  can  be  easily  heard. 

This  piezo  oscillator  should  be  provided  with  a fine  adjustment 
of  frequency  so  that  it  can  be  readily  adjusted  to  agreement 
with  the  5000“kc  standard  in  the  manner  previously  described. 
After  this  is  done  the  monitor  or  mdio  transmitter  can  be 
measured  in  terms  of  harmonics  of  the  auxiliary  generator. 

If  a manually  controlled  generator  is  used,  the  L ratio  must 

C 

be  low  so  that  the  frequency  can  be  easily  adjusted  to  zero 
beat  with  the  standard  frequency,  and  readily  held  on  that 
frequency. 

There  are  two  main  factors  which  determine  the  frequency 
to  which  the  auxiliary  generator  should  be  adjusted.  The 
first  is  that  its  frequency  must  have  an  integral  relation- 
ship with  the  standard  frequency  and  the  nominal  value  of  the 
frequency  to  be  measured.  The  second  is  that  the  harmonic 
which  is  heterodyned  with  the  standard  frequency  must  be  of 
sufficient  intensity  to  produce  a ioeat  note  which  is  easily 
recognized.  Taking  both  factors  into  account  the  best  result 
is  a-ttained  if  the  frequency  of  the  auxiliary  generator  is 
the  highest  common  factor  of  the  standard  frequency  and  the 
frequency  to  be  measured.  There  is  one  other  consideration 
in  the  case  of  a manually  controlled  auxiliary  generator 
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and.  that  is,  the  lower  its . frequency , the  less  trouble  is 
experiences  in  holding  it  at  zero  beat  against  the  standard 
frequency.  The  following  table  indicates  the  broadcast 
frequencies  which  can  be  measured  in  terms  of  the  5000-kc 
standard  frequency  emission  by  means  of  a high-frequency 
radio  receiver  and  an  auxiliary  generator.  It  will  be  under- 
stood that  the  table  gives  all  broadcast  frequencies  which 
are  multiples  of  but  does  not  indicate  more  than  one 
generator  frequency  for  these  frequencies  except  for  1000 
and  1 500  kc/ s. 


- to - - — 

Frequency 

of  Auxiliary  Generator  in  kc/s 

' TO 

200 

100 

50 

Broadcast 

1000 

600 

700 

550 

1500 

000 

900 

650 

Frequencies , 

1000 

1100 

750 

kc/s 

1200 

1300 

050 

1400 

1500 

950 

1050 

1150 

1250 

1350 

14-50 

As  an  example  of  this  method  of  measurement,  assume  the 
frequency  of  the  radio  transmitter  to  be  1150  kc/s.  The  radio 
receiver,  in  the  generating  condition,  is  tuned  until  the 
5000-kc  standard  frequency  signal  is  heard.  The  auxiliary 
generator,  set  on  approximately  50  kc/s,  is  then  turned  on 
and  the  frequency  varied  until  a second  audio  frequency  is 
heard  on  the  output  of  the  high-frequency  receiver.  If  the 
radio  receiver  is  then  adjusted  so  that  it  does  not  generate, 
the  auxiliary  generator  can  be  set  to  zero  beat  with  the  standard 
frequency  signal.  If  the  radio  receiver  is  again  made  to 
generate,  the  auxiliary  generator  can  be  easily  set  to  agree- 
ment with  the  standard  frequency  signal  as  previously  ex- 
plained. The  rough  adjustment  to  zero  beat  must  be  made 
when  the  radio  receiver  is  in  the  non-generating  condition, 
otherwise  there  is  danger  of  setting  to  zero  beat  between 
the  two  audio  frequencies  or  harmonics  of  the  addio  frequencies. 
If  a piezo  oscillator  is  used,  this  precaution  is  unnecessary. 

A detector-amplifier  is  set  uf)  so  as  to  receive  portions 
of  the  outputs  of  the  auxiliary  generator  and  the  llqO-kc 
radio  transmitter,  Fig.  4.  The  output  of  the  amplifier  will 
give  the  a udio  beat-frequency  between  the  23d  harmonic 
of  the  auxiliary  generator  and  the  11 50  kc/s  of  the  radio 
transmitter.  If  this  audio  frequency  is  reduced  to  zero  as 
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indicated  on  a visual  beat  indicator  the  transmitter  frequency 
will  be  in  exact  agreement  with  the  standard  frequency  signal. 
One  person  can  make  this  adjustment,  as  an  aural  indication 
may  be  used  for  the  auxiliary  generator  and  a visual  one  for 
the  transmitter  adjustment. 


5000-kc  standard 
frequency  signal 


Fig.  4. 


If  a piezo  oscillator  is  used  as  the  auxiliary  generator, 
it  need  only  be  checked  against  the  standard  frequency  signal 
at  intervals. 

III.  Measurement  of  Any  Broadcast  Frequency 

The  methods  of  measurement  given  in  the  preceding  para- 
graphs are  applicable  to  twenty  of  the  frequencies  in  the 
broadcast  band.  The  highest  common  factor  of  5^00  an(i  ihe 
remaining  broadcast  frequencies  is  10,  The  frequency  of  the 
auxiliary  generator  must  therefore  be  10  kc/s  if  the  other 
broadcast  frequencies  are  to  be  checked  readily  in  terms  of 
the  emissions.  The  beat  note  between  the  500^ 

harmonic  of  the  10-kc  generator  and  the  50°°-kc  emission 
would  not  be  loud  enough  to  be  heard  distinctly.  The 
simplest  solution,  therefore,  is  to  set  the  auxiliary 
generator  on  100  kc/s  and  let  it  control  a 10-kc  multivibrator. 
The  beat  against  the  standard  frequency  signal  could  then  be 
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heard  easily  and  the  harmonics  of  the  10  kc/s  would  heterodyne 
equally  well  with  frequencies  in  the  broadcast  band.  It  is 
evident  that  with  this  equipment  all  assigned  frequencies 
in  the  broadcast  band  can  be  checked  against  the  5000-kc 
standard  frequency  signal,  Figure  5* 


5000-kc  standard 
frequency  signal 
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set 


TvS 


50th  harmonic 


j 1370  kc/s  from 
transmitter  or 
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generator 
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100  kc/ej 


10-kc 

multi- 


i vibrator 
1 


Beat 
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measuring 

device 


/ 


\ 

/ 

/ 


\ 


137th 

harmonic 


Detector- 

amplifier 


Fig.  5. 

There  are  some  cases  in  which  a frequency  can  be  measured 
by  more  than  one  of  the  methods  indicated.  The  question  arises 
as  to  the  advantages  and  disadvantages  of  the  various  pos- 
sibilities or  as  to  how  existing  equipment  might  be  brought 
into  use.  The  first  method  is  applicable  to  only  two  fre- 
quencies. It  provides  the  most  accurate  check  for  frequencies 
which  are  very  near  the  harmonic  value.  For  monitors,  however, 
which  are  set  high  or  low  by  BOO  or  1000  c/s,  the  audio 
frequency  which  must  be  measured  is  so  high  that  it  is  very 
difficult  to  determine  its  value.  This  method  is  further 
handicapped  by  the  fact  that  if  the  measurements  are  made 
in  the  transmitting  station  when  the  power  amplifier  is 
operating,  the  harmonic  which  is  picked  up  on  the  receiver 
may  be  so  strong  that  it  will  block  the  receiver.  If  that 
is  the  case  it  would  be  necessary  to  locate  the  receiver 
at  some  distance  from  the  transmitter  and  use  a line  between 
transmitter  and  receiver. 
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The  sedond  method  requires  an  auxiliary  generator  and 
detector-amplif ier  in  addition  to  the  equipment  used  in  the 
first  method.  A small  error  may  he  introduced  in  this  method 
in  the  adjustment  of  the  auxiliary  generator.  If  a piezo 
oscillator  is  used  this  error  is  negligible.  The  error  is 
much  greater  if  a manually-controlled  oscillator  is  used. 

In  either  case,  however,  it  should  not  be  more  than  a few 
parts  in  a million.  This  method  is  applicable  to  20  of  the 
broadcast  frequencies,  and  is  much  more  satisfactory  for  check- 
ing monitors  which  are  set  off-frequency  because  the  audio 
frequency  to  be  measured  equals  the  amount  the  monitor  is 
set  high  or  low.  If  a harmonic  amplifier  is  coupled  to  the 
auxiliary  generator  so  that  sufficient  voltage  is  provided, 
the  measurement  of  the  monitor  can  be  read  directly  on  the 
visual  indicator  provided  with  that  unit. 

It  is  necessary  to  use  the  third  method  in  checking  the 
temaining  broadcast  frequencies.  This  method  requires 
a high-frequency  receiving  set,  auxiliary  generator,  10-kc 
multivibrator,  detector-amplifier,  and  audio-frequency  measur- 
ing equipment:.  The  accuracy  of  this  method  is  the  same  as 
of  the  second  method. 


Part  2.  Standard  Time  Intervals 


The  standard  one-second  intervals  provided  on  Tuesdays 
and  Fridays  of  each  week  are  accurate  to  better  than  0.000  01 
second,  as  sent  out  from  the  transmitter.  Taken  over  a longer 
period  of  time,  the  percentage  accuracy  increases  in  pro- 
portion to  the  number  of  seconds  duration  of  the  time  interval 
considered,  upfto  a limit  of  one  part  in  10  000  000.  That  is, 
under  ideal  receiving  and  measuring  conditions  one  could 
measure  a time  interval  of  100  seconds  or  longer  to  better 
than  a part  in  10  000  000.  However,  measurements  to  0.000  01 
second  are  difficult  and  a longer  time  interval  than  100 
seconds  would  ordinarily  be  required  to  obtain  a certainty 
of  one  in  10  000  000.  The  limitations  on  accuracy  arising 
from  the  vagaries  of  radio  wave  transmission  are  as  stated 
in  the  section  on  "Standard  audio  frequency"  in  Letter  Circular 
565.  The  most  accurate  time  intervals  are  provided,  at  any 
place  or  time,  by  that  one  of  the  three  carrier  frequencies 
which  has  the  least  fading. 

For  high  accuracy  the  radio  receiver  should  have  constant 
supply  voltages  and  be  accurately  tuned.  A carrier  intensity 
meter  or  tuning  indicator,  (such  as  the  6 Ep  tube),  is  desir- 
able for  detecting  fading.  Automatic  volume  control  is 
helpful.  A piezoelectric  filter  or  an  audio-frequency  filter 
having  a narrow  band  width  is  not  desirable  as  it  tends  to 
reduce  the  amplitude  of  the  received  pulse;  also,  audio- 
frequency circuits  having  a very  long  time  constant  will  givo 
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the  impression  of  a weak  signal  or  a low  percentage  of  modula- 
tion. An  oscillograph  is  required  to  make  time  measurements 
to  0.001  second  or  less.  An  oscillograph  with  a suitable 
viewing  screen  is  helpful  in  determining  whether  consecutive 
pulses  have  the  same  wave  form  and  whether  high  accuracy  is 
possible. 

With  appropriate  chronographs  or  oscillographic  record- 
ing equipment  the  seconds  pulses  can  be  used  to  measure  short 
or  long  tine  intervals.  With  such  equipment  of  by  visual 
or  aurql  means  the  seconds  pulses  can  be  used  to  calibrate 
most  time-measuring  devices.  The  seoonds  pulses  are  in 
consistent  sequence  from  one  broadcast  to  another. 

The  seconds  pulses  are  also  usable  as  a basis  of  measur- 
ing frequencies.  One  method  of  using  them  is  to  control  the 
vertical  deflection  of  a cathode-ray  oscillograph  with  them 
and  use  for  the  horizontal  deflection  the  frequency  which  is 
to  be  measured  (or  a harmonic  or  sub harmonic  thereof) . The 
frequency  of  the  drift  of  the  seconds  pulses  across  the  screen 
of  the  oscillograph  is  the  error  in  cycles  per  second.  Another 
method  is  to  record  th^seconds  pulses  on  a moving-film  type 
of  oscillograph  along  with  a timing  line  from  the  frequency 
which  is  to  be  measured. 

The  seconds  pulses  may  also  be  used  to  control  a source 
of  frequency,  i.e.,  to  keep  a local  source  of  frequency 
correct.  The  local  source  of  frequency  is  a vibrating  system, 
such  as  a tuning-fork,  adjusted  to  vibrate  any  whole  number 
(up  to  about  5 00 ) of  cycles  per  second.  The  tuning  fork  is 
simply  started  in  natural  vibration  and  the  short  pulse  received 
once  a second  keeps  i ^Vibrating.  The  tuning-fork  must  be 
a persistent  vibrator,  which  requires  it  to  be  one  of  low 
power  loss. 


Part  3*  Standard  Audio  Frequencies 

The  emissions  each  Wednesday  are  modulated  by  an  audio 
frequency,  1000  cycles  per  second.  The  presence  of  the  audio 
modulation  frequency  does  not  impair  the  use  of  the  carrier 
frequency  as  a standard  to  the  same  high  accuracy  as  in  the 
CW  emissions.  See  Letter  Circular  5^5  for  further  informa- 
tion about  these  emissions.  The  standard  musical  pitch,  440 
cycles  per  second  broadcast  as  described  in  Part  4,  may  also 
be  used  as  a standard  frequency  by  the  methods  described  in 
this  section;  however  the  description  here  given  is  in  terns 
of  the  1000  cycles  per  second. 

From  the  standard  audio  frequency,  any  desired  frequency 
may  be  measured  with  simple  equipment.  Using  any  receiving 
set  capable  of  receiving  the  signals,  the  standard  audio 
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frequency  is  delivered,  at  the  output  terminals  of  the  set. 

This  frequency  may  he  used  for  comparison  with  a local  frequency 
and  thus  accurately  measuring  the  latter,  for  control  of  some 
typhbf  frequency  standard,  or  for  production  of  an  accurate 
standard  of  time  rate.  By  the  use  of  harmonic  amplifiers 
or  multivibrators  to  step  up  or  down  either  the  incoming 
standard  frequency,  the  local  frequency,  or  both,  measurements 
may  be  made  very  conveniently  as  well  as  accurately.  The 
cathode-ray  oscillograph  is  a useful  instrument  in  most  of 
the  methods.  It  may  be  used  as  a measuring  device,  an  in- 
dicator of  wave  form,  a fading  indicator,  and  an  indicator 
of  which  of  two  frequencies  is  the  higher* 

In  any  of  the  methods  it  may  be  found  worth  while  to 
eliminate  fading  trouble  by  using  an  auxiliary  oscillator 
whose  frequency  is  occasionally  made  precisely  equal  to  (or 
an  exact  multiple  of  ) the  received  frequency  by  setting  to 
zero  beat  between  the  two  fundamentals  or  two  harmonics. 

The  following  list  gives  a number  of  basic  methods  which 
have  been  found  practicable. 

Methods  of  Utilizing  Received  Audio  Frequency 
A.  Checking  a frequency. 

1.  Comparison  of  received  and  local  frequencies,  by  timing 
change  of  cathode-ray  Oscillograph  pattern. 

a.  Direct  comparison. 

b.  Use  of  harmonic  amplifier,  to  step  up. 

c.  Use  of  multivibrator,  to  step  down. 

2.  Comparison,  by  recording  both  frequencies  with  a 
recording  oscillograph. 

a.  Direct  comparison. 

b.  Use  of  harmonic  amplifier,  to  step  up. 

c.  Use  of  multivibrator,  to  step  down. 

3.  Comparison,  by  recording  beats  on  a graphic  recorder. 

a.  Direct  comparison. 

b.  Use  of  harmonic  amplifier,  to  Step  up. 

c.  Use  of  multivibrator,  to  step  down. 

Counting  of  beats  between  harmonics. 


16. 
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B.  Control  of  a source  of  frequency. 

1.  Tuning-fork. 

2.  Audio-frequency  oscillator. 

3.  Radio-frequency  oscillator. 

C.  Production  of  a time  rate  standards. 

In  any  of  these  methods,  whether  it  will  he  more  accurate 
and  convenient  to  utilize  the  frequency  directly  or  to  use 
harmonics  or  subharmonics  depends  upon  the  magnitude  and 
character  of  the  frequency  to  be  checked  or  fiontrolled,  the 
equipment  available,  and  the  circumstances  of  the  radio  re- 
ception. For  some  purposes  a combination  of  two  or  more 
methods  is  useful. 

The  effects  of  fluctuations  of  amplitude  and  phase  of 
the  received  audio  frequency  may  be  markedly  reduced  by  the 
use  of  automatic  volume  control  and  filters.  Filters  also 
have  the  advantage  of  minimizing  interfering  electrical  noise. 

An  effective  filter  for  1000  or  *440  cycles  per  second  is  a 
combination  of  low-loss  condenser  and  coil,  preferably  parallel- 
tuned  between  ground  and  grid  of  an  audios am pi if ier  stage. 

Other  effective  filters  are:  a tuning-fork,  a vibrating 
steel  reed,  a synchronous  motor-generator.  Magnetostriction 
bars  are  good  filters  for  higher  frequencies,  and  piezo- 
electric quarts  plates  are  very  good  for  radio  frequencies. 

When  multiplying  from  1000  c/s  it  is  necessary  to  use 
very  selective  apparatus  to  remove  1000-cycle  sidebands  from 
the  output  of  the  multiplying  device.  For  this  purpose  a 
quartz  plate  filter  (at  5 0 kc/s,  for  example)  has  been  found 
to  be  very  good. 

In  methods  A,  either  high  or  low  standard  frequencies 
may  be  produced  by  using  harmonics  or  subharmonics  and  amplify- 
ing as  desired.  Standards  of  low  audio  frequency  (e.g. , 60 
cycles  per  second)  are  easily  produced  by  operating  a syn- 
chronous motor  on  the  amplifier  output,  with  a-c  generators 
of  the  desired  frequency  mounted  on  the  same  shaft.  Such  a 
motor-generator  outfit  may  be  of  simple  and  fairly  cheap 
type,  somewhat  like  an  electric  clock. 

It  is  convenient  in  many  cases  to  add  or  subtract  a 
known  frequency  from  the  received  1000  cycles  per  second 
or  a harmonic  thereof,  or  from  the  local  frequency  to  be 
compared  therewith.  The  advantage  is  that  the  frequencies 
to  be  compared  can  be  made  even  multiples  or  submultiples  of 
each  other.  The  frequency  added  or  subtracted  should  be 
small  compared  with  the  frequency  being  measured,  and  the 
accuracy  of  its  value  should  be  known.  For  example,  a fre- 
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quency  of  13333  cycles  per  second,  can  be  compared  directly 
against  1000  per  second  on  a cathode-ray  oscillograph,  by 
subtracting  333  cycles  from  it  and  using  the  thirteenth 
harmonic  of  1000.  Addition  or  subtraction  of  frequencies 
is  done  by  the  use  of  the  beat  principle.  It  is  sometimes 
advisable  to  employ  filters  also. 

In  frequency  comparisons,  if  the  received  standard 
frequency  is  sufficiently  free  from  fluctuations  of  amplitude 
or  plase,  it  is  generally  found  advantageous  to  make  the  com- 
parison at  some  harmonic  such  as  10,000  or  100,000  cycles 
per  second.  For  example,  consider  the  use  of  method  Al. 

The  two  frequencies  are  applied  to  the  two  pairs  of  plates 
of  a cathode-ray  tube  and  their  frequency  difference  is 
determined  by  timing  the  shift  of  the  pattern  on  the  screen 
through  one  or  more  complete  cycles.  A high  accuracy  of’ 
comparison,  better  than  a part  in  a million,  for  example, 
may  be  secured  by  timing  for  15  minutes  when  the  comparison 
is  made  at  1000  cycles  per  second,  but  may  be  secured  by 
timing  for  only  9 seconds  when  the  comparison  is  made  at 
100,000  cycles  per  second. 

The  greater  the  fluctuations  of  the  received  standard 
frequency,  the  lower  must  be  the  harmonic  at  which  the  obser- 
vations are  made  and  the  longer  the  time  required  for  the 
determination.  Fortunately,  such  longer  time  of  observation 
tends  to  eliminate  any  error  in  the  rv'/sult  due  to  the  fluc- 
tuation. The  better  the  accuracy  required,  the  longer  must 
be  the  time  of  observation. 

It  may  be  desirable  to  multiply  either  the  incoming 
standard  frequency,  the  local  frequency,  or  both.  Frequencies 
can  be  multiplied  quite  simply  by  means  of  tuned  harmonic 
amplifiers.  Another  means  is  the  use  of  frequency  doublers 
utilizing  two  tubes  connected  with  their  grids  in  a push- 
pull  arrangement  and  their  plates  in  parallel.  It  is  conven- 
ient to  have  the  incoming  1000-cycle  frequency  control  a 
multivibfator  and  step  up  in  frequency  from  that. 

The  use  of  the  cathode-ray  oscillograph  has  a number  of 
advantages  in  this  as  in  all  the  methods.  It  simplifies 
the  differentiating  of  amplitude  variations  and  interfering 
noise  from  phase  changes.  Also,  if  a linear  sweep  circuit 
controlled  by  the  local  frequency  is  used,  one  can  tell  readily 
whether  the  local  frequency  is  higher  or  lower  than  the  standard 
modulation  frequency.  If  the  oscillograph  beam  is  swept 
from  left  to  right  and  the  standing  wave  moves  to  the  left 
the  local  frequency  is  low;  if  the  standing  wave  moves  to 
tho  right  the  local  frequency  is  high. 
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In  method  A2,  use  is  made  of  any  type  of  recording  oscil- 
lograph that  may  be  available.  It  may,  for  example,  be  a 
photogr^hic  film  recorder,  or  a rotating  drum  with  a pen 
recording  on  paper.  A requirement  is  that  the  time  displace- 
ment be  sufficient  to  separate  the  individual  cycles  so  that 
the  record  can  be  readily  analyzed.  In  thi^method  the  two 
frequencies  are  recorded  simultaneously  on  the  same  graphic 
record,  which  permits  a direct  comparison  by  means  of  measure- 
ments of  the  photogxphic  or  other  trace.  If  the  speed  of  the 
recorder  will  not  give  sufficient  time  displacement  of  the 
1000  c/s,  the  received  signal  can  be  stepped  down  to  a desired 
value  by  means  of  a multivibrator* 

An  alternative  method  is  to  drive  a recorder  drum  with 
a synchronous  motor  operated  from  the  local  frequency  (or  one 
of  its  harmonics  or  subharmonics).  In  one  mode  of  use  there 
is  a raised  thread  or  spiral  on  the  drum,  and  the  paper  pass- 
ing at  a known  speed  past  the  drum;  a record  is  made  by 
causing  a spark,  controlled  by  the  1000-cycle  frequency 
(or  one  of  its  harmonics  or  subharmonics) , to  jump  from  the 
spiral  thread  through  the  paper  and  to  a straightedge  on  the 
other  side  of  the  paper.  The  type  of  record  cfepends  on  the 
speed  of  the  drum,  the  number  of  spiral  threads  on  the  drum, 
and  the  frequency  of  the  spark.  The  method  is  useful  for 
recording  over  a long  period  of  time,  and  for  some  types  of 
low-frequency  records  the  spark  may  be  replaced  with  a 
mechanical  printing  arrangement. 

In  method  A3>  the  frequency  difference  between  the  stand- 
ard and  the  local  frequency  is  measured  by  combining  the  two, 
amplifying  the  beat  frequency,  and  rectifying  by  means  of  a 
detector  (e.g. , copper-oxide  rectifier  or  diode  detector). 

A double  diode  triode  tube  is  convenient  for  both  the  ampli- 
fying and  rectifying.  A d-c  meter  can  be  used  as  a visual 
indicator,  and  a relay  can  be  used  to  operate  a counter. 

The  direct  voltage  output  can  also  be  recorded  on  paper  with 
a graphic  recorder.  If  the  rate  at  which  the  recorder  paper 
moves  is  controlled  by  a synchronous  motor,  or  some  type  of 
time  marker  is  used,  a very  satisfactory  measure  of  the  fre- 
quency differences  can  be  made.  This  method  is  limited  to 
small  frequency  differences.  If  audio  frequencies  are 
compared  directly  rather  than  by  their  harmonics,  the  method 
requires  the  operation  of  the  equipment  for  a considerable 
time. 


When  it  is  desired  to  check  a local  frequency  which  is 
lower  than  1000  c/s  (e.g. , 60  c/s),  one  procedure  is  to  mul- 
tiply the  local  frequency  up  to  a frequency  which  can  be  com- 
pared directly  with  the  standard  modulation  frequency  or  some 
harmonic  of  it.  In  the  case  of  60  c/s  it  would  be  multiplied 
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by  divided  by  3,  and  in  turn  multiplied  by  10  in  one  or  two 
steps,  which  would  give  an  output  of  1000  c/s.  The  received 
standard  1000-cycle  frequency  could  conceivably  be  multiplied 
by  3 and- divided  by  50  so  as  to  be  compared  directly  against 
60  c/s,  but  this  would  result  in  a lower  accuracy  of  compari- 
son  or  would  require  a longer  time  to  make  a measurement. 

Since  frequency  multiplication  is  easier  than  frequency 
division,  a more  convenient  method  of  accurately  measuring 
60  c/s  is  to  multiply  it  to  J000  cycles  per  second.  The 
proper  harmonic  is  selected  from  a multivibrator  controlled 
from  the  60  c/s,  or  several  stages  of  frequency  multiplica-' 
tion  are  used.  The  resulting  3000-cycle  frequency  is  then 
compared  against  the  third  harmonic  of  the  standard  1000 
cycles  per  second. 

In  method  A4,  the  beats  can  be  counted  by  the  aid  of 
either  aural  or  visual  indication.  A combination  of  the  two 
means  is  often  very  convenient.  Very  great  accuracy  can  be 
obtained  by  using  harmonics  such  as  to  make  frequencies  of 
the  order  of  100,000  cycles  per  second.  Broadcast  radio 
frequencies  can  be  checked  by  having  the  standard  1000  c/s 
control  a 10-kc  multivibrator  or  oscillator  and  using  har- 
monics of  its  output  in  the  manner  described  in  Part  2. 

Measurements  can  be  made  over  any  convenient  period  of 
time  (up  to  the  duration  of  the  broadcast)  by  counting  the 
difference  frequency  (beats)  during  the  time  interval  chosen. 

The  precision  of  such  measurements,  expressed  as  a fraction, 

is  — ■ , where  n is  the  beat  or  difference  frequency  in 

cycles  per  second,  t is  the  time  during  which  beats  are  counted, 
and  At  is  the  error  ± in  measuring  t.  For  example,  if  the 
difference  frequency  is  of  the  order  of  1 cycle  per  second 
and  is  counted  over  a period  of  5 seconds  and  the  time  mea- 
surement is  accurate  to  ±0.1  second,  the  accuracy  of  the  beat 
frequency  measurement  is  1 part  in  50* 

To  obtain  greater  accuracy  in  a given  length  of  time, 
the  frequencies  can  be  multiplied  and  the  difference  fre- 
quency measured  at  a higher  harmonic. 

The  accurate  control  of  a source  of  frequency  (B  in 
above  list)  involves  the  use  of  an  automatic  means  of  keeping 
a local  source  of  frequency  in  agreement  with  the  received 
standard  audio  frequency  or  a harmonic /subharmonic . Where 
the  local  source  of  frequency  is  a mechanical  device,  such 
as  a tuning-fork  or  synchronous  motor-generator,  its  inertia 
is  useful  in  carrying  along  through  periods  of  rapid  fluctua- 
tion of  amplitude  or  phase  of  the  received  frequency.  Any 
local  source  can  usually  be  so  designed  as  to  operate  through 
considerable  fading  or  phase  shifts  of  the  received  frequency. 
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If  the  local  source  is  a 1000— cycle  tuning-fork  it  can 
he  driven  directly  from  the  received  1000-cycle  frequency;* 

In  this  application  it  is  necessary  that  the  adjustment  of 
the  fork  be  such  that  its  natural  frequency  is  in  agreement 
with  the  driving  frequency  within  rather  narrow  limits.  In 
one  particular  installation  it  was  found  that  the  fork  had 
to  be  in  agreement  with  the  received  frequency  within  a few 
parts  in  10,000.  These  limits  depend  in  any  particular  case 
on  such  factors  as  the  driving  voltage  and  the  mass  of  the 
fork. 


The  standard  audio  frequency  can  similarly  be  used  to 
control  a multivibrator  at  the  fundamental  or  a submultiple 
frequency.  The  multivibrator  frequency  can  be  multiplied  by 
means  of  tuned  harmonic  amplifiers  to  higher  frequencies  as 
desired.  While  it  is  also  possible  to  multiply  the  standard 
audio  frequency  by  means  of  harmonic  amplifiers  to  radio  fre- 
quencies and  control  a radio-frequency  oscillator,  this  is 
not  commonly  done  because  the  fluctuations  would  be  much 
greater  than  when  starting  with  a standard  radio  frequency. 

A simple  means  of  producing  a time  rate  standard  (method 
C)  from  the  received  standard  audio  frequency  is  to  use  a 
simple  a-c  generator  of  any  desired  frequency  mounted  on  the 
same  shaft  with  a synchronous  motor  driven  by  an  amplified 
alternating  voltage  from  the  received  frequency.  Such  a 
generator  can  operate  an  electric  clock.  Thus  may  be  pro- 
vided a standard  of  time  rate  for  short  periods,  as  well  as 
of  frequency,  of  an  accuracy  not  generally  available  to  labora- 
tories hitherto  from  any  service. 

Part  4.  Standard  Musical  Pitch. 


The  continuous  440-cycle  broadcast,  announced  in  Letter 
Circular  may  received  with  any  "bhort  wave " or 

"all  wave"  radio  receiving  set.  The  radio  carrier  frequency 
(5  megacycles  per  second,  i.e.,  5^00  kilocycles  per  second) 
is  much  higher  than  the  well  known  frequencies  on  which  the 
usual  broadcast  entertainment  programs  are  given.  The  broad- 
cast receiving  sets  sold  previous  to  §bout  1933  will  not  re- 
ceive this  high  frequency  but  most  of  those  now  being  sold 
will  dq/so. 

The  "all  wave"  receivers  have  a number  of  scales  usually 
marked  in  megacycles  for  the  higher  frequency  scales.  The 
scale  should  be  set  for  5 megacycles  in  order  to  receive  the 
standard  pitch  broadcasts. 

In  order  to  receive  these  broadcasts,  considerable  care 
must  be  used  in  the  tuning  of  the  radio  receiver  because  a 
slight  adjustment  of  the  receiver  at  high  frequencies  changes 
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the  tuning  by  a much  larger  amount  tha.n  at  lower  frequencies. 
The  standard  "A"  tone  from  the  transmitter  will  not  be  as 
loud  as  the  program  usually  received  from  stations  in  the 
broadcast  band.  In  fact  at  certain  times  during  the  day 
or  night  great  difficulty  may  be  experienced  in  satisfac- 
torily receiving  the  broadcast,  because  of  "static",  elec- 
trical noise  from  electrical  machines,  and  other  types  of 
interference  present  at  the  receiving  location. 

To  facilitrte  the  reception  .of  the  standard  "A"  tone, 
the  following  suggestions  are  given.  Turn  on  the  radio  re- 
ceiver and,  after  allowing  a few  minutes  for  it  to  warm  up, 
adjust  the  dial  to  the  setting  for  5 megacycles.  The 
volume  control  should  be  turned  well  up.  The  calibration 
marked  on  the  dial  of  the  receiver  may  be  in  error  by  one 
or  two  divisions.  To  locate  the  station,  slowly  adjust  the 
dial  of  the  receiver  from  two  or  three  divisions  below  the 
desired  frequency  marking  on  the  dial  to  the  same  amount 
above.  If  the  note  of  440  cycles  per  second  is  heard,  adjust 
the  dial  very  carefully  to  give  the  loudest  signal  and  then 
adjust  the  volume  control  to  give  the  desired  volume  or 
loudness.  If  no  signal  is  heard,  raise  the  volume  control 
setting  and  vary  the  dial  as  before. 

In  some  radio  receivers  the  44o~cycle  tone  may  be  re- 
ceived at  a setting  of  4.1  as  well  as  5*0  megacycles.  This 
is  merely  an  incident  of  the  construction  of  the  radio  re- 
ceiver. It  is  usually  more  satisfactory  to  employ  the  5»0 
than  the  4.1  setting. 

Besides  its  use  for  musical  purposes,  the  44o~cycle 
frequency  may  be  used  for  measuring  audio  frequencies  by 
methods  like  those  described  for  the  1000-cycle  frequency 
above.  The  5-megacycle  carrier  frequency  can  of  course  be 
used  as  a standard  radio  frequency.  When  there  is  uncertainty 
as  to  whether  the  carrier  or  one  of  the  side-frequencies  is 
being  used,  this  can  be  checked  by  observation  during  an 
announcement  internal. 

If  the  received  signal  is  seriously  marred  by  any  sort 
of  fading  or  static  or  other  interference,  it  may  nevertheless 
be  used  as  an  accurate  standard  by  providing  an  audio-frequency 
oscillator,  adjusting  it  to  zero  beat  with  the  received  440- 
cycle  signal,  and  then  utilizing  the  oscillator  as  the  source. 

Part  5.  Bibliography. 

Further  information  on  frequency  measurements  is  given 
in  the  articles  which  are  listed  below  in  chronological  order. 
This  is  not  a comprehensive  list,  but  merely  presents  selected 
articles  which  are  helpful.  Except  where  noted,  they  are  not 
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issued  by,  and  are  not  available  from,  the  National  Bureau 
of  Standards.  These  publications  can  be  consulted  in  public 
libraries  which  maintain  files  of  periodicals  or  copies  may 
be  secured  from  the  publishers  at  the  following  addresses: 

Annalen  der  Physik.  J.Ambrosius  Barth,  Leipzig,  Germany. 

A. W. A. Technical  Review.  Amalgamated  Wireless  (Australasia) 
Limited,  Sydney,  Australia. 

Bell  Laboratories  Record.  463  West  Street,  New  York,  N.Y. 

Bell  System  Technical  Journal.  195  Broadway,  New  York, N.Y. 
Communications.  (Radio  Engineering  now  included  with  other 

publications  and  called  Communications)  Bryan  Davis  Publish- 
ing Co., Inc.,  19  East  47th  St.,  New  York,  N.  Y. 

Electronics.  McGraw-Hill  Publishing  Co., Inc.,  330  W.  42nd  St., 
New  York, N.Y. 

Electric  Journal.  530  Fernando  St.,  Pittsburgh,  Pa. 
Experimental  Wireless  & The  Wireless  Engineer,  or  The  Wireless 
Engineer  and  Experimental  Wireless.  See  Wireless  Engineer 
below. 

General  Radio  Experimenter.  30  State  St. , Cambridge  A,  Mass. 
Hochf requenztechnik  und  Elektroakust ik.  Akademische  Verlags- 
gesellschaft  MBH,  Leipzig,  Germany. 

Journal  of  the  Optical  Society  of  America  (formerly  Journal 
Optical  Society  of  America  and  Review  of  Scientific  Instru- 
ments). American  Institute  of  Physics,  175  5th  Ave. , 

New  York,  N.Y. 

Journal  of  the  Institution  of  Electrical  Engineers,  Savoy 
Place,  Victoria  Embankment,  London  W.C.2,  England.' 

Marconi  Review,  Marconi’s  Wireless  Telegraph  Co . , Ltd. , Electra 
House,  Victoria  Embankment,  London,  W.C.2,  England. 

Physics.  American  Institute  of  Physics, 175  5th  Ave. , N.Y. , N.Y. 
Physical  Review.  American  Institute  of  Physics,  175  5th  Ave. , 
New  York,  N.Y. 

Physikalische  Zeitschrift.  S.Hirzel,  Leipzig,  Germany. 
Proceedings  of  the  American  Academy  of  Arts  & Sciences. 

Library  of  the  American  Academy  of  Arts  & Sciences,  2$ 
Newbury  St.,  Boston,  Mass. 

Proceedings  of  the  Institute  of  Radio  Engineers.  330  West 
42d  St. , New  fork,  N.  Y. 

Proceedings  of  the  Physical  Society.  1 Lowther  Gardens, 
Exhibition  Road,  London,  SW7,  England. 

Proceedings  of  the  Royal  Society.  Harrison  & Sons,  Ltd., 

44—47  St.  Martin’s  Lane,  London,  W.C.2,  England. 

Proceedings  of  the  Wireless  Section  of  the  Institution  of 
Electrical  Engineers.  Savoy  Place,  Victoria  Embankment, 
London,  W.C.2,  Englaiid. 

QST.  American  Radio  Relay  League,  W. Hartford,  Conn. 

Radio,  13Q0  Kenwood  Road,  Santa  Barbara,  Cal. 

Radio  Engineering.  Bryan  Davis  Publishing  Co. , 19  E.  47th 
St. , New  York,  N.Y. 

RCA  Review.  RCA  Institutes  Technical  Press,  75  Varick  St., 

New  York,  N.Y. 
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Report  of  Radio  Research  in  Japan.  National  Research  Council 
of  Japan,  Tokyo,  Japan.  . 

Review  of  Scientific  Instruments,  American  Institute  of 
Physics,  175  5th  Ave.,  New  York,  N.Y. 

Wireless  Engineer,  Iliffe  & Sons,  Ltd.,  Dorset  House,  Stamford 
St.,  London,  SE1,  England. 

Such  papers  as  are  issued  by  the  National  Bureau  of 
Standards  can  be  purchased  from  the  Superintendent  of  Docu- 
ments, Government  Printing  Office,  Washington,  D.C.,  at  the 
prices  stated.  The  prices  quoted  are  for  delivery  in  the 
United  States  and  possessions  and  in  certain  other  foreign 
countries  which  extend  the  franking  privilege.  'For  delivery 
to  countries  other  than  those,  remittance  should  be  increased 
by  one-third  to  cover  postage.  Remittances  should  be  made  to 
the  "Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.C." 

Serial  letters  and  numbers  are  used  to  designate  Bureau 
publications.  S,  "Scientific  Paper",  is  used  for  reprints 
from  the  "Scientific  Papers  of  the  Bureau  of  Standards" 
(Sci,Pap.BS) . This  series  was  superseded  by  the  "Bureau  of 
Standards  Journal  of  Research"  in  1928.  RP,  "Research  Paper", 
designates  reprints  of  articles  appearing  in  the  "Bureau  of 
Standards  Journal  of  Research"  (BS  J. Research.)  and  the 
"Journal  of  Research  of  the  National  Eureau  of  Standards" 

(J. Research  NBS),  the  latter  being  the  title  of  this  periodical 
since  July  1934  (volume  Ij,  number  1). 

In  each  reference  below,  unless  otherwise  indicated,  the 
first  number  (underscored)  is  the  volume  of  the  periodical; 
the  numbers  following  indicate  pages  and  the  year  of  publica- 
tion. Names  of  periodicals  abbreviated  can  be  found  in  full 
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The  piezoelectric  resonator.  W.  G.  Cady.  Proc.I.R.E.  10, 
83-114,  April  1922. 

Piezoelectric  crystal  resonators  and  crystal  oscillators 
applied  to  the  precision  calibration  of  wavemeters.  G.W. 
Pierce.  Proc. Am. Acad. Arts  and  Sci.  ^2.,  81-106,  Oct.  1923. 

A method. of  measuring  very  short  radio  wave  lengths  and  their 
use  in  frequency  standardization.  F.W.Dunmore  and  F.H. 
Engel.  Proc.I.R.E.  11,  467-478,  Oct.  1923. 

Piezoelectric  standards  of  high  frequency.  W.G.Cady. 

J. Optical  Soc.  Am.  10,  475,  April  1925. 
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A method  of  calibrating  a low  frequency  generator  with  a one 
frequency  source.  S. Harris.  Proc.I.R.E.  l4,  213-216, 

April  1926. 

OP  Establishment  of  radio  standards  of  frequency  by  the  use  of  a 
harmonic  amplifier.  C.B.Jolliffe  and  G-race  Hazen.  Sci. 

Pap. BS  21,  179-169  (1926)  (S53O). 

Uses  and  possibilities  of  piezoelectric  oscillators,  A.  Hund. 
Proc.I.R.E.  1_4,  447-469,  August  1926. 

Piezoelectric  quartz  resonator  and  equivalent  electric  circuit. 

D. W.Dye.  Proc . Physical  Soc.  399-4575  discussion, 

457-456,  August  1926. 

Quartz  crystal  calibrators.  A.Crossley.  QST  11,  pp. 23-27  of 
March  1927. 

Frequency  checking  station  at  Mare  Island.  G.T.Royden,  Proc. 
I.R.E.  15,  3I3-3IS,  April  1927. 

The  exact  and  precise  measurement  of  wave  length  in  radio 
transmitting  station.  R.Braillard  and  E.Divoire.  Exp. 
Wireless  & W.  Eng.  4,  322-330,  June  1927. 

Universal  frequency  standardization  from  a single  frequency 
standard.  J.K. Clapp.  J.  Optical  Soc.  Am.  and  Rev.  Sci. 
Instruments  IB,  25-47,  July  1927. 

Radio-frequency  standards.  R. C . Hitchcock.  Electric  J.  24, 
430-436,  September  1927. 

Mounting  quartz  plate  oscillator  crvstals.  R.C . Hitchcock, 
Proc.I.R.E.  15,  902-913,  November  1927. 

Precision  determination  of  frequency.  J.W. Horton  and  W.A. 
Marrison.  Proc.I.R.E.  1_6,  137-154,  February  1926. 

Bibliography  on  piezoelectricity.  W.G-.Cadv.  Proc.I.R.E. 

16,  521-535,  April  1926. 

A convenient  method  for  referring  secondary  frequency  standards 
to  a standard  time  interval.  L.M.Hull  and  J.K. Clapp. 
Proc.I.R.E.  12,  252-271,  February  1929. 

A system  for  frequency  measurements  based  on  a single  frequency. 

E.  L. Hall.  Proc.I.R.E.  12,  272-262,  February  1929. 

Measurement  of  the  frequencies  of  distant  radio  transmitting 
stations.  G-.Pession  and  T.G-orio.  Proc.I.R.E.  22.5  734-744, 
April  1929. 

OP  - Out  of  print.  May  be  consulted  in  reference  libraries. 
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A high  precision  standard  of  frequency.  W.A.Marrison.  Proc. 

I. R.E.  17,  1103-1122,  July  1929;  Bell  System  Tech.  Jour. 
g„  493-5ll  July  1929. 

The  routine  measurement  of  the  operating  freauencies  of  broad- 
cast stations.  H.  L.  Bogardus  and  C.T. Manning.  Proc. I.R.E. 
II,  1225-1239,  July  1929. 

Measurement  of  wave  lengths  of  broadcasting  stations.  R. 
Braillard  and  E.  Divoire.  Exp.  Wireless  and  W.  Eng.  6, 
412-421,  August  1929. 

Observations  on  modes  of  vibrations  and  temperature  coefficients 
of  quartz  crystal  plates.  F.R.Lack.  Proc. I.R.E.  17 , 
1123-1141,  July  1929;  Bell  System  Tech. Jour,  S,  515-535, 

July  1929. 

• An  electromagnetic  monochord  for  the  measurement  of  audio 

frequencies.  J.W.OwBn-Harries.  Proc. I.R.E.  II,  I316-I32I, 
August  1929. 

Measurement  of  frequency.  S.Jimbo.  Proc. I.R.E.  H,  2011-2033? 
November  1929* 

The  dimensions  of  low  frequency  quartz  oscillators.  R.O. 
Hitchcock.  Rev.  Sci . Instruments  1,  13,  January  1930. 

Frequency  standardization.  J.K. Clapp  and  J.D. Crawford. 

Q.ST  14,  pp.9-15  of  March  1930* 

OP  Method  and  apparatus  used  in  testing  piezo  oscillators"  for 

broadcasting  stations.  E.L.Hall.  BS  J.  Research  4,  115-130? 
January  1930  (RPI35) . Proc. I.R.E.  IS,  490-509,  March  1930. 

piezo 

OP  Design  of  a portable  temperature-controlled/oscillator. 

V.E. Heaton  and  W.H. Brattain.  BS  J.  Research  4,  3^5-350, 

March  1930  (RPI53).  Proc. I.R.E.  IS,  1239~12.4£,  July  1930. 

A constant  frequency  oscillator.  C.  W.  Milier  and  H.L, Andrews. 
Rev. Sci . Instrument s 1,  267-276,  May  193O. 

The  establishment  of  the  Japanese  radio-frequency  standard. 

Y.  Namba.  Proc. I.R.E.  IS,  1017-1027,  June  1930. 

OP  A precise  and  .rapid  method  of  measuring  frequencies  from  five 
to-  two  hundred  cycles  per  second.  N.P.Case.  BS  J. Research 
5,  237-242,  August  1930  (RP195).  Proc. I.R.E.  IS,  I5S6- 
1592,  Sept.  1930. 

Interpolation ■ methods  for  use  with  harmonic  frequency  standards. 

J. K. Clapp.  Proc. I.R.E.  IS?  1575-1525,  Sept.  1930. 

OP  - Out  of  print.  May  be  consulted  in  reference  libraries. 
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OP  Accurate  method  of  measuring  transmitted  wave  freauencies  at 
5000  and  20  000  Kilocycles  per  second.  E.L.Hall.  BS  J. 
Research  2,  647-652,  Sept.  1930  (RP220).  Proc.I.R.E.  19, 

35-41,  Jan.  1931. 

Characteristics  of  oie zoelectric  quartz  oscillators.  I.Koga. 

- Proc.I.R.E.  17,  1935-1959,  Nov.  1930. 

Frequency  division.  J.Groszkowski.  Proc.I.R.E.  IS,  1960- 
1970.-  Nov.  1930. 

Temperature  control  for  frequency  standards.  J.K. Clapp. 
Proc.I.R.E.  IS,  2003-2010,  Dec.  1930. 

Some  methods  of  measuring  the  frequency  of  short  waves. 

H.  Mftgel.  Proc.I.R.E.  12,  193-213,  Feb.  1931. 

Monitoring  the  operation  of  short  wave  transmitters.  H.Mtigel. 
Proc.I.R.E.  10,  214-232,  Feb.  1931. 

Measurements  of  temperature  coefficient  and  pressure  coefficient 
of  quartz  oscillators.  S. Brown  and  S. Harris.  Rev.  Sci. 
Instruments,  2,  ISO-IS3,  March  1931* 

Direct-reading  frequency  meter.  F.Guarnaschelli  and  F. 
Vecchiacchi.  Proc.I.R.E.  19,  659-663,  April  1931. 

A device  for  the  precise  measurement  of  high  frequencies. 

F.A . Pol^inghorn  and  A.A.Roetken.  Proc.I.R.E.  19 > 937-9^-6, 

June  1931» 

Measuring  frequency  characteristics  with  the  photo-audio 
generator.  W.  Schaffer  and  G. Lubs zynski . Proc.I.R.E. 

12,  1242-1251,  July  I93I. 

A thermionic  type  frequency  meter  for  use  up  to  15  kilocycles. 

F.T. McNamara.  Proc.I.R.E.  19.,  1304-1390,  August  1931. 

*Quartz  plate  mountings  and  temperature  control  for  piezo 
oscillators.  V.E. Heaton  and  E.G.Lapham.  BS  J.  Research 

I.  6S3-69O,  Oct.  1931  (RP366,  IO9O.  Proc.I.R.E.  20,^ 

261-271,  Feb.  1932.  Discussion,  Proc.I.R.E.  20,  1064, 

Feb.  1932. 

*An  imoroved  audio-frequency  generator.  E.G.Lapham.  BS  J. 
Research  2,  691-695,  Oct.  IQ3I  (RP367,  10cO  . Proc.I.R.E. 

20,  272-279,  Feb.  1932-. 

The  adjustment  of  the  multivibrator  for  frequency  division. 

J. V. Andrew.  Proc.I.R.E.  l^,  1911-1917,  Nov.  1931. 

'^ibtdinab le”" f rcTnT" Superintended  of  Documents,  Government  P-pinting* 
Office,  Washington,  D.G.,  at  price  stated.  Designate  publication 
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A piezoelectric  oscillator  of  improved  stability.  J.K. Clapp. 
General  Radio  Exp.  6,  pp*l-l6  of  Dec.  1931. 

Quartz  resonators  and  oscillators.  P.Vigoureux.  1931.  (Ob- 
tainable from  British  Library  of  Information,  French  Bldgs., 
East  45th  St.,  New  York,  N.Y. , 7 shillings,  b pence). 

A frequency  indicator  for  transmitters.  General  Radio  Exp. 

6,  pp. 5-7  of  Jan.  1932. 

Notes  on  the  frequency  stability  of  quartz  plates.  L.B. Hallman, 
Jr.  Radio  Eng.  12,  pp. 15-19  of  Feb.  1932. 

Quartz  crystal  resonators.  W.A.Marrison.  Bell  Laboratories 
Record  10,  194-199,  Feb.  1932. 

Silvering  electrodes  on  quartz  crystals.  G. B. Parsons.  QST 
16,  p.20  of  March  1932. 

Recent  developments  in  precision  frequency  control.  D.E. 
Replogle.  Radio  Eng.  12,  pp. 29-32  of  April  1932. 

An  audio  oscillator  of  the  dynatron  type.  D.  Hale.  Rev.  Sci. 
Instruments  _3_,  23O-234,  May  1932. 

Application  of  quartz,  plates  to  radio  transmitters.  0f*'  M. 
Hovgaard.  Proc.I.R.E.  20,  767-7S2,  May  1932. 

The  vibrations  of  quartz  plates.  R.G. Colwell.  Proc.I.R.E. 

20,  S0S-S12,  May  1932. 

Experimental  study  of  parallel-cut  piezoelectric  quartz  plates. 
G.W.Fox  and  IV. G. Hutton.  Physics,  2,  443-44-7,  June  1932. 

The  precision  frequency  measuring  system  of  R. C .A. Communica- 
tions Inc.  H.O. Peterson  and  A.M. Braaten.  Proc.I.R.E. 

20,  941-956,  June  1932. 

The  design  of  temperature-control  apparatus  for  piezo  oscillators 
V.J. Andrew.  Rev.  Sci. Instruments  3>,  34l-351>  July  1932. 

A low-frequency  oscillator.  J.M.Hudack.  Bell  Laboratories 
Record  10,  376-380,  July  1932. 

The  quartz  oscillator.  T.D. Parkin.  Marconi  Rev.  ^7,  pp.1-10 
of  July-Aug.  1932. 

A new  beat-frequency  oscillator.  S.M. Bagno,  Radio  Eng.  12, 
pp. 14-15  of  Sept.  1932. 

The  wavemeter  yields.  C.E.Worthen.  General  Radio  Exp. 
pp.1-4  of  October  1932. 
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A precision  tuning  fork  frequency  standard.  E.Norrman.  Proc. 

I. R.E.  20,  1715-1731,  N0v.  1932* 

A piezoelectric  clock  for  time  and  frequency  measurements  of 
great  accuracy.  A.Scheibe  and  U. Adelsberger.  Physikalische 
Zeitschrift  3_2>  235~24l,  Nov.  .1932. 

On  the  piezoelectric  properties  of  tourmaline.  G.W.Fox  and 
M. Underwood.  Physics  4,  10-13,  Jan.  19.33* 

Frequency  measurements  at  radio  frequencies.  Bui.  10,  General 
Radio  Co.,  Cambridge,  Mass.,  Jan.  1933* 

A combination  monitor  and  frequency  meter  for  the  amateur. 

General  Radio  Exp.  2>  pp.5~7  of  Jan.  1933* 

A heterodyne  oscillator  of  wide  frequency  range.  j.G. Freer, Jr. 
Bell  Laboratories  Record  11,  137-139 , Jan.  1933* 

A frequency  monitoring  unit  for  broadcast  stations.  R.E. Coram. 
Radio  Eng.  13 , pp. 12-19  of  Feb.  1933* 

Mounting  quartz  plates,  F.R.Lack,  Bell  Laboratories  Record 

II,  200-204,  March  1933. 

On  tourmaline  oscillators.  S.Matsumura  and  S.Ishikawa. 

Report  of  Radio  Research  in  Japan  No.l,  1$5»  June  1933* 

A more  stable  crystal  oscillator  of  high  harmonic  output. 

QST  12,  pp. 30-32  of  June  1933. 

*A  200-kilocycle  piezo  oscillator.  E.G.Laohan.  BS  J. Research, 

11,  59—6*+,  July  1933  (RP576,  5 4). 

A simplified  frequency  dividing  circuit.  V. J. Andrew.  Ppoc. 
I.R.E.  21,  922-923,  July  1933. 

Modes  of  vibration  of  piezo-electric  crystals.  N. H. Williams . 
Proc. I.R.E.  21,  990-995,  July  1933- 

A precision  method  of  absolute  frequency  measurement.  H.Kono. 
Report  of  Radio  Research  in  Japan  No. 2,  127-I36,  Sept.  1933* 

Frequency  and  drift  of  quartz  frequency  standards.  A.  Scheibe 
and  U. Adelsberger.  Annalen  der  Physik  12,  1-25,  Sept. 1933* 

Automatic  temperature  compensation  for  the  frequency  meter. 
G.F.Lampkin.  QST  17 , ••  pp.  16-19  of  Oct.  1933* 
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The  valve  maintained  tuning  fork  as  a primary  standard  of 
frequency.-  D.W.Dye  and  L. Essen.  P^oc. Royal  Soc.  Al43, 
2^5-306,  Jan.  1,  1934.  . ‘ ^ 

3P  Development  of  standard  frequency  transmitting  sets.  L. Mickey 
- and  A. D. Mart in,  Jr.  BS  J. Re  search  12,  1-12,  Jan.  193^ 
(RP63O). 

The  technical  arrangements  of  the  quartz  controlled  clocks 
of . the  Phy s-ikalisch-Technischen  Reichsanstalt . A.Scheibe 
and  U.Adelsberger.  Hochfrequenztechnik  und  Slektroakustik 

h.  37 -1+7 , Feb.  193^. 

The  bandsetter.  G.F. Lampkin.  QST  lj|,  pp. 35“37  of  Feb.  1934, 

The  testing  of  frequency  monitors  for  the  Federal  Radio  Com- 
mission. W.  D. George.  Proc.I.R.E.  22.,  449-456,  April  1934. 

The  crystal  control  of  transmitters.  R.Bechmann.  Wireless 
Eng.  & Exp. W.  11,  249-253,  May  1934. 

Description  of  the  quartz  control  of  a transmitter  at  1765 
kilocycles  per  second.  L.  Essen.  Jour.I.E.E.  2ii»  595“ 

597,  June  1934. 

Primary  frequency  standard.  J.G. Beard.  Radio  Eng.  l4, 
pp. 15-17  of  June  1934. 

Some  improvements  in  quartz  crystal  circuit  elements.  F.R.Lack 
G.W. Willard  and  I. E. Fair.  Bell  System  Tech. Jour.  15 , 

453-^63.  July  193*1. 

Piezoelectric  stabilization  of  high  frequencies,  H.Osterberg. 
and  J.W.Cookson.  Rev. Sci. Instruments  5,  231-236,  Aug.  1934. 

* Notes  on  the  measurement  of  ra^io  frequencies.  W. H. F. Griff iths 
Wireless  Eng.  & Exp.  W.  11,  524-532,  Oct.  1934. 

The  piezoelectric  properties  of  quartz  and  tourmaline.  G.W. Fox 
and  G. A. Fink.  Physics  F.,  3°^“3 06,.  Oct.  1934. 

Quartz  crystal  fundamentals.  J.M. Wolf  skill.  . QST  13,  pp.37“*40 
of  Dec.  1934. 

Cutting  quartz  crystal  plates.  I.H.Loucks.  QST  19,  PP«3^“3^ 
of  Jan.  1935* 

Grinding  and . finishing  quartz  crystal  plates.  I.H.Loucks. 

QST  19,  pp.23,  74/76,  73  of  Feb.  1935- 
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*The  national  primary  standard  of  radio  frequency,.  E.L.Hall, 

Y.S. Heaton  and  E. G. Lapham.  J, Research  NBS  14,  25“9S> 

Feb.  19-35  (RP759,  54). 

♦Monitoring  the  standard  radio  frequency  emissions.  E.G. Lapham, 

J. Research  NBS  14,  227-23S,  March  1935  (RP766,  5 4);  Proc. 
I.R.E.  21,  719-732.  July  1935. 

International  frequency  comparisons  by  means  of  standard  radio 
frequency  emissions.  L. Essen,  Proc  . Rov . Soc . (A)  14-9, 

506-510,  April  10,  1935. 

Some  data  concerning  the  coverage  of  the  five-megacycle  standard 
frequency  transmission.  E.L.Hall.  Froc. I.R.E,  21_,  44-o~ 

1153,  May  1935- 

A frequency-lock  multi-vider.  J. A. DeYoung.  QST  1$>,  pp. 32—33 
of  Sept.  1935. 

Crystal  oscillators  for  radio  transmitters:  an  account  of 

experimental  work  carried  out  by  the  Post  Office.  C.F. Booth 
and  E.J.C. Dixon.  Proc .Wireless  Section  of  I.E.E.  10, 

129-162,  Sept.  1935. 

A new  piezo-electric  quartz  crystal  holder  with  thermal  compen- 
sator, W.F. Diehl.  RCA  Rev.  1,  26-92,  Oct.  1936. 

Quartz  and  tourmaline.  P.Modrak.  Wireless  Eng.  lb,  I27-I34, 
March  1937;  175-123,  April  1937. 

A simplified  circuit  for  frequency  substandards  employing  a 
new  type  of  low-frequency  zero-temperature  coefficient 
quartz  crystal.  S.C.  Right  and  G-.W. Willard.  Froc.  I.R.E. 

25,  5^9-563,  May  1937. 

A voltage  stabilized  high-frequency  crystal  oscillator  circuit. 

S.  Sabaroff.  Proc. I.R.E.  25,  623-629,  May  1937. 

Frequency  measurement.  A new  equipment  for  the  range  I-70  Me 
per  sec.  H. A. Thomas.  Wireless  Eng.  l4,  299—3^6 , June  1937* 

Constant  temperature:  a study  of  principles  in  electric  thermo- 
stat design,  and  a mains  operated  isothermal  chamber 
constant  to  one -^thousandth  of  a degree  Centigrade.  L.B. 
Turner.  Proc.  Wireless  Section  of  I.E.E.  12,  262-225> 

Sept.  1937;  J. Inst. Elec. Eng.  21,  399-^17 , Sept.  1937* 

Quartz  plates  for  frequency  sub-standards.  S.C.Hight. 

Bell  Lab.  Record  16,  21-25,  Sept.  1937. 
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A note  on  the  calibration  of  audio-frequency  oscillators. 
N.F.Astbury.  J.Sci.Inst.  14;,  339-341,  October  1937* 

Frequency  control  with  quartz  crystals.  27  pages.  Engineering 
Bulletin  E -6,  Bliley  Electric  Go. , Erie, Pa.  Price  10  cents. 

The  modulator  bridge.  R.K. Heilman.  Electronics  11,  20-30, 

March  193&» 

Precision  frequency-control  equipment  using  quartz  crystals. 
Geoffrey  Builder  and  J.E. Benson.  A .W. A. Tech. Rev.  2> 

157-214,  April  1930. 

A new  form  of  frequency  and  time  standard.  L. Essen.  Proc. 
Phys.Soc.  (London)  SO,  4l3~26,  May  2,  193&. 

A new  tyoe  of  f reauency-checking  device.  George  Grammer. 

QST  22,  pp. 21-24  of  June  1930. 

Frequency  measuring  equipment.  N.Lea  and  F.R.Sturley. 

Marconi  Rev.  No.  ~J0}  1-11,  July-Sept.  193&* 

Frequency  characteristics  of  quartz  oscillators.  J.E. Anderson. 
Electronics  11,  pp. 22-24  of  Aug.  193^* 

The  bridge-stabilized  oscillator.  L.A.Mecham.  Proc.I.R.E.  26 , 
1270-1294,  Oct.  1930. 

A continuously  variable  radio-frequency  oscillator.  C.B. Aiken, 
and  I.L.Liu.  Communications  10,  pp.12-13  of  Dec.  193$« 

Portable  frequency  monitoring  unit.  George  W.  Curran. 
Electronics,  12,  pp.22-2S  of  Jan.  1939* 

A dual-frequency  crystal  calibrator.  F .A.Lennberg. 

Q,ST  2j,,  pp.30-4l  of  Jan.  1939*  Also  available  as  Engineering 
Bulletin  E-7,  Bliley  Electric  Co.,  Erie,  Pa. 

Frequency  controlled  oscillators.  Samuel  Sabaroff.  Communica- 
tions 19,  pp.7-9  of  Feb.  1939* 

The  transitron  oscillator.  C.Brunetti.  Proc.I.R.E.  27, 

00-94,  Feb.  1939. 

An  improvement  in  constant  frequencv  oscillators.  G.F.Lampkin. 
Proc.I.R.E.  2J,  199-201,  March  1939. 

An  ultra-high-frequency  measuring  assembly.  3.  Sabaroff. 
Proc.I.R.E.  22,  200-212,  March  1939. 
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Frequency  compensation.  M.L.Levy,  Electronics  12,  pp. 15-17 
of  May  1939. 

Fractional -frequency  generators  utilizing  regenerative  modula' 
tion.  R.L. Miller.  Proc.I.R.E.  2J,  4-46-456,  July  1939. 

A portable  frequency  standard.  R.F. Turner.  Radio.  No.  24l, 
pp. 16-22  of  July  1939. 
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